Introduction: The lateral extensile approach has been a widely accepted surgical approach in treatment of intraarticular calcaneal fracture. It provides good exposure for fixation by correcting the hindfoot varus, fracture reduction and restores calcaneal height but it has a high wound complication rate. Methods and materials: 36 intraarticular calcaneal fractures (Sanders II, III and IV) treated using the lateral extensile approach in 34 patients presenting between 2015 and 2018 were retrospectively reviewed. Wound complication in the early stage (day 1 to day 3), intermediate (2 weeks) and late (6 weeks) were documented. Results: We found early (Day 1 -Day 3) infection rate of 5.6%, intermediate (2 weeks) at 17.6% and late wound complication (6 weeks) at 2.9%. Conclusion: Lateral expansile approach is a reliable surgical exposure for fracture reduction of calcaneal fractures with acceptable wound related complication rate. Minimally invasive techniques and the sinus tarsi approach are being used for less comminuted fractures, but those techniques are technically more demanding. Smoking, long duration of surgery and soft tissue handling also play a role in increasing wound complication rates.
. Typical intraarticular calcaneal fracture at our center. reduced in calcaneal height, blow-out of lateral wall causing peroneal tendon irritation, increased width of the calcaneum and varus deformity of the hindfoot [1] .
Choosing a non-operative treatment can avoid wound complications result in many late complications such as hindfoot malalignment, peroneal tendon dislocation, subtalar joint dysfunction and foot mechanics disruption [2] .
Open reduction and internal fixation with calcaneal plate (conventional or locking) via a lateral extensile approach have been considered a standard treatment for displaced intraarticular calcaneal fractures because it provides excellent exposure of the fracture site. It also allows direct reduction of the depressed posterior facet fragment, addresses the blow-out lateral wall and corrects the malalignment tuberosity. However, wound complication such as wound edge necrosis, dehiscence, hematoma, or deep infection has been reported high in several studies. Koski overall wound complication rate for lateral extensile approach of 24%, 18.1% and 17% respectively [3] [4] [5] .
We present our current data with regards to wound complications associated with the lateral extensile approach, to assess its feasibility in treatment of calcaneum fracture fixation.
Materials and Methods
This is a retrospective study involving all patients with calcaneum fracture that were treated with lateral extensile approach for fracture fixation of the calcaneum from January 2015 to December 2018. All the cases were performed by the orthopedic foot and ankle surgeon and his fellow (with supervision) at our center.
The presence of skin edges necrosis, wound breakdown or dehiscence with or without pus discharge and surgical site redness or cellulitis during wound in- The operative approach was done with the patient in the lateral decubitus position.
The surgical foot area was cleaned first with chlorohexidine then followed by A suction drain to prevent post-operative hematoma formation was inserted prior to closure ( Figure 4 ). The subcutaneous layer was closed with absorbable 3/0 and skin with nylon 3/0 and tight compression dressing was avoided to reduce post-operative pain and discomfort.
Wound inspection was done on day 1if the outer layer dressing was soaked.
Otherwise it was inspected on day 3.
All early wound complications will be kept for intravenous antibiotics and wound dressing. Patients were reviewed at 2 weeks and 6 weeks, or earlier depending on their wound condition. 
Results
There II, 13 Sanders III, 2 Sanders IV while another 2 were in- conclusive, but taken to be Sanders II or III based on the intraoperative findings.
All the cases had a disrupted Bohler angle.
The timing for surgery was decided by the operating surgeon. All the cases were assessed for the presence of wrinkle sign before proceeding for surgery. The day of injury to day of surgery ranged from 2 to 20 days, with a mean of 9.2 days.
The operating time was 75 to 185 minutes with the meantime 112.9 minutes.
All the cases had a suction drain inserted. The amount of blood drained ranged from 10 cc to 650 cc, with a mean amount was 142.7 cc. We removed the drainage tube on day 2 or day 3 depending if drainage was less than 30 cc -50 cc and the operated foot was less tense. All the cases included in the study had no history of diabetes. 20 out of 36 were smoker (more than 10 sticks per day) and 16 were non-smokers.
Demographic characteristics of patient treated with lateral extensile approach are shown in Table 1 and the possible risk factor analysis is shown in Table 2 . 
Discussion
This retrospective study presents the wound complication rate in the operative treatment of intraarticular calcaneum fracture using the lateral extensile approach at our center. In our experience, this approach provides good visualization of the fracture and allows for fracture fixation with direct reduction [6] [7]
[8].
We found the early surgical wound related complication rate of 17.6% at 2 weeks follow-up, which were 6 patients. However, 2 out of the 6 had no surgical wound breakdown, but just redness which resolved completely with oral antibiotics. 4 out of the 34 patients had surgical wound complications that presented with serous discharge and wound dehiscence. Only 1 from the 34 patients had deep infection required hardware removal. The rest of 33 patients, healed without further wound complication at 6 weeks.
All cases with surgical wound complication at 2 weeks (17.6%) were operated 7 -15 days after injury after the foot was assessed for the presence of wrinkle sign. The operative time ranged from 115 min to 150 min. All of them were smokers, smoking more than 10 sticks per day.
We found our complication rate comparable to other reported studies.
Al-Mudhaffar reported a wound complication rate of 18.1%. [4] . A large series of 190 patients by Folk and colleague with lateral extensile approach reported a 25% rate of infection and 21% required surgical debridement [9] . Koski In relation to operative time, it was statistically not significant (p = 0.272) between the cases with complications and those with not. Similar finding was reported by Al-Mudhaffar et al. [4] . Smoking has been regarded as a well-known risk factor for foot and ankle surgery [12] [13] [14] , and all the infected cases (n = 4) in our series were smokers. However, it was not statistically significant (p = 0.113).
Comminuted fracture with difficult reduction (difficult Sanders II and Sanders III) [15] [16] and surgeons with inadequate experience required longer operating hours which contributed to higher wound complication [17] .
There was no increase in wound complication in patients with concomitant fractures. Only 1 patient with a lumbar burst fracture had redness over the surgical site at 2 weeks follow up and it resolved with oral antibiotics. His wound completely healed at 6 weeks follow up (Table 3) .
It is appropriate to delay the surgery until the presence of the wrinkle sign. Ice therapy and strict elevation is vital to allow healing of the soft tissues and to reduce swelling and pain. While waiting for the swelling to subside in majority of the cases (mean 9.2 days in our series), we often discharge the patient with Robert Jones bandage and they are advised to avoid suspending the foot at home.
We will see the patient 1 to 2 days prior to the surgery day.
Gentle handling of soft tissue during raising of the lateral skin flaps to ensure good circulation is the most important factor in our opinion [18] [19] . Blade size 15 was used to make a curvilinear incision straight down to bone. Retracting the flap with a suture anchor and using the "no touch" technique minimizes soft tissue trauma.
We present in this series a lower infection rate using lateral extensile compared to others published in the literature [ Poor choice of approach may lead to a mal reduced fracture and cause excessive soft tissue retraction leading to a disastrous effect on wound healing. The reliability of fracture reduction in the lateral extensile approach is constant, practical and relatively straightforward.
Based on our experience and findings, were commended to perform the surgery when soft tissue condition is good but not to delay the fracture more than 2 weeks. Surgeons should plan ahead of reduction steps to aim for shorter surgery time and minimize bleeding. Meticulous soft tissue handling throughout the surgery is a must.
Limitations of this study include the retrospective design with a small number of patients, multiple operating surgeons, incomplete wound complication description and lack of good documentation of perioperative information.
Conclusion
Intraarticular calcaneum fractures remain a difficult and challenging surgery. To reduce the complication rate, choosing the correct approach for surgery, good soft tissue condition prior to surgery, shorter operative time, meticulous soft tissue handling, proper anatomical fracture reduction, the learning curve of the surgeon and advising patients to stop smoking are all important factors for good outcome and also to reduce wound complications. In our opinion, it is a safe and appropriate approach for intraarticular calcaneum fracture reduction and internal fixation ( Figure 5 ).
